Abstract: Littoral cell angioma (LCA) is a rare primary splenic vascular tumor, originating from the littoral cells lining the red pulp sinuses of the spleen. There are only a handful of case reports of LCA in children to be found in the literature. We performed a retrospective analysis of the medical charts of pediatric patients with splenic lesions who were treated between 2005 and 2010 in the Pediatric Surgery Department of the Medical University of Bialystok. Surprisingly, LCA accounted for 37.5% of the splenic lesions found in our series. The majority of LCA tumors are benign, but given their malignant potential, splenectomy and long-term follow-up should be the gold standard for their management. We strongly support the use of further cross-sectional studies to properly elucidate the prevalence of littoral cell angioma of the spleen in the pediatric population. (Folia Histochemica et Cytobiologica 2012, Vol. 50, No. 3, 480-485) 
Introduction
Littoral cell angioma (LCA) is a rare primary splenic vascular tumor originating from the littoral cells lining the splenic red pulp sinuses. LCA was first described by Falk et al. in 1991 [1] . To date, only a few case reports have been published of LCA in the pediatric population.
Material and methods
Between 2005 and 2010, eight children who were 8-17 years old were surgically treated because of cystic lesions of the spleen in the Pediatric Surgery Department of the Medical University of Bialystok. Our department is directly responsible for the pediatric population of Podlasie region, consisting of 300,000 children with the same ethnicity. All lesions were diagnosed incidentally during a USG examination of the abdomen, performed in most cases because of mild and/or intermittent abdominal pain. In three of the eight cases, histopathology showed a fibrous cyst wall consistent with a simple cyst, in one case a hamartoma of the spleen, and in another an epithelial splenic cyst. The remaining three cases demonstrated a littoral cell angioma (LCA), until now regarded as a very rare occurrence in the pediatric population. We subsequently performed a retrospective analysis of the medical charts for those patients who were diagnosed with a littoral cell angioma (LCA).
Case reports
An 11 year-old boy was admitted to our department because of an accidentally diagnosed splenic lesion. As a sports-team member, the boy underwent routine blood and urine tests. The urine test revealed mild erythrocyturia. His past medical history was uneventful, with no prior mention of any allergies. Further diagnostic ultrasound (US) of the abdomen revealed a well-circumscribed, hypoechogenic lesion, 6 cm in diameter, located at the inferior aspect of a normal-sized spleen. Bearing in mind the possibility of a former sports-related injury (the boy was a goal- www.fhc.viamedica.pl tender), the splenic lesion was further evaluated with a CT. A well-defined and hypodense lesion of the spleen, with some internal enhancement in the arterial and venous phases, was subsequently demonstrated on the contrast-enhanced CT scan (Figure 1 ). The CT also elucidated two small (15 × 10 mm) additional spleens which were visible next to the hilum of the normal-sized spleen. The 5-minute delayed images further showed the lesion to be isodense when compared to the surrounding splenic parenchyma. The compilation of the aforementioned images suggested a vascular neoplasm of the spleen. The boy's hemoglobin, white blood cell, and platelet counts were all within normal limits. A decision was then made to carry out a splenectomy, without the use of a previous percutaneous, ultrasound-guided biopsy, due to the suspicion of a splenic hemangioma. At the time of the open splenectomy, the spleen was removed in its entirety for pathological evaluation. The additional spleens were left intact. The boy has had an uneventful post-operative recovery period, and reported no complaints at seven month follow-up.
In the second instance, a 13 year-old boy was evaluated for intermittent abdominal pain. He described episodes of left upper quadrant pain with no history of jaundice, nausea, vomiting, allergy or changes in bowel habits. Physical examination revealed mild splenomegaly. Hematological tests showed mild anemia (hemoglobin 11.6 g/dl), and normal platelets. Other laboratory tests confirmed that the liver and pancreatic enzymes, as well as the total bilirubin, were all within normal limits. An abdominal USG revealed a mildly enlarged (109 × 61 mm) spleen with a round (62 × 55 mm), ill-defined, heterogeneously hypoechoic focal lesion, containing small calcifications, which was localized next to the hilum of the spleen. No lymphadenopathy or other focal lesions were visible. A multiphase contrast-enhanced CT scan was performed to further the diagnosis. In addition to mild splenomegaly, a round, hypodense lesion was seen in the parenchyma of the spleen during the arterial phase, and could be localized near the hilum. It further showed mild progressive enhancement during early and late venous-phase imaging. No additional lesions were seen in the other abdominal solid organs, nor could any associated abdominopelvic lymphadenopathy be detected. Our presumptive diagnosis was hemangiomatosis, propelling us towards the decision of a splenectomy without first employing a percutaneous, ultrasound-guided biopsy. The spleen was thus surgically removed. The boy had an uneventful postoperative recovery period, and has remained well in a five year follow-up.
Lastly, a 10 year-old girl underwent a routine blood test and USG of the abdomen because of mild abdominal pain. There was no history of jaundice, nausea, vomiting, or changes in bowel habits. As an infant, the girl was evaluated by a physician due to an allergy to cow milk proteins. Present day physical examination however, did not reveal any changes in the abdominal cavity. Blood morphology, liver and pancreatic enzymes, as well as the total bilirubin levels, were all within normal limits. The abdominal US revealed a normal-sized spleen with a round (81 × 78 mm), well-defined, heterogeneously hypoechoic cystic lesion, localized in the upper pole of the spleen. No lymphadenopathy or other focal lesions were visible. No additional lesions were seen in the other abdominal solid organs, nor was any associated abdominopelvic lymphadenopathy detected. The suspicion of an innate cyst of the spleen was to be dealt with via excision, without the use of a prior percutaneous, ultrasound-guided biopsy. During laparoscopy, the lesion was defenestrated and its walls resected, while the rest of the spleen was left intact. Subsequent histological examination of the expunged tissue revealed a tumor, made up of large vascular spaces with small anastomotic vascular channels, consistent with a littoral cell angioma. The girl has had an uneventful post-operative recovery period, and has remained well in the one year of follow-up. Subsequent US diagnostics of the abdomen, carried out every three months, did not show any changes in the parenchyma of the spleen. The girl is still under ambulatory surveillance.
In all three of the aforementioned cases, histopathological diagnosis confirmed the presence of www.fhc.viamedica.pl a littoral cell angioma. Biopsy tissue specimens were first fixed in a 10% buffered formalin solution, prior to being embedded in paraffin. They were then stained with hematoxylin and eosin, and subsequently examined under a light microscope. In order to obtain the proper diagnosis, immunohistochemical stains with the appropriate antibodies against CD31, CD34, vimentin, CD68 and Ki-67 (DAKO Cytomation), were used. Histologically, the tumors looked very similar to one another, resembling benign vascular tumors with distinct borders, and multiple blood-filled areas with anastomosing vascular canaliculi (Figures 2, 3) , that showed lumen dilation. The tumor cells created narrowed channels, with large spaces that were lined by cuboidal cells, with vesicular nuclei and pale eosinophilic cytoplasm (Figure 4) . No sign of any mitotic activity and/or necrosis were noted (Figures 3, 4) . The observed tumor cells also contained hemosiderin deposits and hyaline globules ( Figure 5 ). Immunohistochemistry ( Figure 6 ) further revealed that the cells showed positive immunoexpression for vimentin, The differential diagnosis included capillary and cavernous hemangiomas, as well as an angiosarcoma and epithelioid hemangioendothelioma. A cavernous hemangioma typically presents with dilated vascular spaces that are lined by flattened endothelium, as well microthrombi which are at different stages of organization, and are coupled with cytologically benign endothelial cells.
An angiosarcoma is defined as the presence of freely anastomosing vascular channels, often with spindle, pleomorphic or epithelioid cells that are marked by huge cellular atypia. Numerous mitotic figures and/or high mitotic activity is also frequently noted. Immunohistocytology reveals the angiosarcoma to be positive for endothelial markers (CD31, CD 34, Factor VIII), while the CD68 always remains negative.
Epithelioid hemangioendothelioma on the other hand, is a tumor defined by epithelioid cells instilled in a myxohyaline stroma, with the infiltration of sinusoids and vessels by intracytoplasmic lumina. Immunohistocytology reveals it to be positive for endothelial markers (CD31, CD 34, Factor VIII), and, as with an angiosarcoma, the CD68 is always negative.
Discussion
The commonest primary tumors of the spleen are of vascular origin [2] . Most are benign, and include hemangiomas and hamartomas. A splenic hamartoma is a rare, benign vascular proliferation that is often found incidentally while performing a work-up of other complaints, or at the autopsy. Histological findings consist of numerous, unorganized vascular channels of varying widths, with an intervening red pulp-like disorganized stroma, with or without lymphoid follicles. The endothelial cells are similar to those of normal splenic sinuses. Although rendering a diagnosis can be difficult, endothelial cells that are positive for CD8 are a key feature differentiating a hamartoma from other vascular lesions of the spleen [2] [3] [4] .
Epithelial cysts account for approximately 20% of all splenic cysts. Their pathogenesis is unclear. It has been suggested that they are derived from embryonic epithelial inclusions during splenic development, and are formed as a result of either trauma, or the invagination of capsular surface mesothelium in the splenic sulci, leading to subsequent metaplasia [2] [3] [4] .
Littoral cell angioma (LCA) is a vascular tumor of the spleen. It is a relatively recent finding, and only a few case reports have identified its malignant potential thus far [1, 3] . The incidence of splenic hemangioma, which was first described by Falk et al. in 1991, varies from 0.03% to 14% at the autopsy series [4] . Although there is no age predilection, LCA usually occurs in adults and appears to be extremely rare in children. Only a handful of pediatric cases have been reported thus far, making our histological findings in the pediatric spleen lesions all the more surprising [1, 5, 6] . Astonishingly, LCA accounted for 37.5% of all splenic lesions in our series. Clinically, LCA may be characterized as a solid mass occurring most often along with splenomegaly, thrombocytopenia or anemia, as well as fever of unknown origin. The symptoms of anemia, thrombocytopenia, and abdominal pain may well be associated with hypersplenism.
Grossly, there are two forms of LCA. More commonly, it is seen as a tumor consisting of multiple nodules diffusely involving the entire spleen. A rare solitary form has also been described, resembling the lesions in our patients [7] . The lesion can then be visualized on a CT scan, but the CT features of LCA are most often non-specific. Like most vascular tumors of the spleen, the LCA shows changes in density during delayed image testing [7] . Sonographic characteristics of LCA are no more helpful in their specificity, and include lobular splenomegaly with a diffuse, coarse, heterogeneous echo texture of the spleen, or a single echogenic mass that may contain cystic areas [4] [5] [6] . LCA that presents as multiple, small, hypodense nodules that may be seen during the portal venous phase of a contrast-enhanced CT, may well mimic a malignant process, such as metastatic disease, lymphoma, Kaposi's sarcoma, or any number of infections that may cause a microabscess [8] .
In the first and last case presented by us, only the poles of the spleen were enlarged, whereas the second case showed a mild enlargement of the entirety of the spleen. As in our first case, LCA may be completely asymptomatic and represent an incidental finding made during imaging [1, [9] [10] [11] , or the patient may conversely present with abdominal pain -as described in our second and third examples, along with the possible symptoms of hypersplenism (anemia, thrombocytopenia and splenomegaly). This presents a diagnostic dilemma, since the differential diagnosis of such a lesion is thus made inadvertently complex [7] .
At present, the final diagnosis is only possible via histopathological examination [5, 6, [12] [13] [14] . The lesions may be solitary or multiple, and are composed of vascular channels lined by cells that share the morphological and immunohistochemical findings characteristic for both the endothelial and histiocytic cells
